)

Check for
updates

Molecular Mechanisms Molecular Docking of Three
Mitragyna speciosa Alkaloids with iNOS, TNF-a, and IL-
6 and In Silico Toxicity Prediction

Mumya Camary'*, Binawati Ginting?, Rosnani Nasution® and Bastian Lubis?

! Doctoral Program in Mathematics and Applied Sciences, Graduate School,
Universitas Syiah Kuala, Banda Aceh, Indonesia
2 Department of Chemistry, Faculty of Mathematics and Natural Sciences,
Universitas Syiah Kuala, Banda Aceh, Indonesia
3 Department of Anesthesiology and Intensive Therapy, Faculty of Medicine,
Universitas Sumatera Utara, Medan, Indonesia
dr.mumiya@yahoo.com

Abstract. Sepsis involves a dysregulated host response to infection, in which
inflammatory mediators contribute to organ dysfunction. This exploratory study
compared the docking scores and predicted interactions of mitragynine, 7-
hydroxymitragynine, and speciociliatine with inducible nitric oxide synthase
(INOS; PDB ID 1MSE), tumor necrosis factor-alpha (TNF-a; 6X86), and
interleukin-6 (IL-6; 4NI9), together with toxicity predictions from pkCSM and
ProTox-III. Within the applied docking protocol, 7-hydroxymitragynine yielded
the most negative scores against iNOS (—9.0 kcal/mol) and IL-6 (—9.2 kcal/mol),
whereas mitragynine yielded the most negative score against TNF-a (—6.6
kcal/mol). Speciociliatine produced scores of —8.5, —6.1, and —7.5 kcal/mol
against iNOS, TNF-a, and IL-6, respectively. pkCSM predicted negative
classifications for Ames mutagenici-ty, hERG I inhibition, and skin sensitization
for all three compounds, but identified shared hepatotoxicity alerts and predicted
hERG 1I inhibition for mitragynine and speciociliatine. ProTox-III predicted
acute oral LDso values of 300 mg/kg for mitragynine and speciociliatine and
1,000 mg/kg for 7-hydroxymitragynine. However, the latter prediction had lower
average similarity and prediction accuracy. These findings describe target-
dependent computational patterns and predicted toxicity concerns that may
inform subsequent experiments. The lack of reported docking protocol validation
and experimental confirmation limits confidence in the predicted poses and
rankings. The results do not establish binding affinity, functional inhibition,
efficacy in sepsis, or safety.
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1 Introduction

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host
response to infection. Despite advances in antimicrobials, hemodynamic support, and
critical care practice, sepsis remains a major global health problem. Global estimates
indicate that sepsis contributes substantially to mortality across age groups and dispro-
portionately affects populations with limited access to timely diagnosis and intensive
care [1-3]. The syndrome is biologically heterogeneous and cannot be reduced to un-
controlled inflammation alone; hyperinflammation, endothelial injury, coagulation ab-
normalities, immunosuppression, metabolic dysfunction, and impaired tissue perfusion
can coexist or evolve over time [4—6].

Recognition of infection activates pattern-recognition receptors and downstream
transcriptional pathways that promote cytokine and chemokine release. TNF-a is an
early inflammatory mediator capable of amplifying leukocyte activation, endothelial
adhesion, vascular permeability, and secondary cytokine production [7]. IL-6 integrates
innate immune activation with acute-phase and adaptive responses, and circulating IL-
6 concentrations frequently track disease severity, although the cytokine also has con-
text-dependent protective and regenerative functions [8,9]. These complexities mean
that predicted binding to a cytokine should be interpreted as a mechanistic hypothesis
rather than proof that systemic immune dysregulation will be corrected.

Nitric oxide has similar context-dependent actions during infection. Constitutive ni-
tric oxide supports vascular homeostasis and antimicrobial defense, whereas sustained
high-output production mediated by iNOS can contribute to vasoplegia, reduced vas-
cular responsiveness, mitochondrial impairment, and heterogeneous microcirculatory
flow [10,11]. Complete suppression of nitric oxide may also be harmful because nitric
oxide participates in pathogen control and organ perfusion. Accordingly, the computa-
tional identification of ligands associated with iNOS must be followed by functional
studies that distinguish beneficial modulation from indiscriminate pathway blockade.

Mitragyna speciosa (Korth.) Havil., commonly known as kratom, is a Southeast
Asian medicinal plant containing structurally related indole alkaloids. Mitragynine is
the predominant alkaloid, whereas 7-hydroxymitragynine is present at lower abundance
but exhibits substantial pharmacological activity. Speciociliatine is a stereoisomer of
mitragynine that has received increasing attention because its receptor binding, metab-
olism, and pharmacokinetics differ from those of the major alkaloid [12—16]. Although
kratom alkaloids are most widely investigated for opioid-receptor pharmacology, ex-
tracts and individual constituents have also shown anti-inflammatory activity in pre-
clinical systems [17,18]. These observations support hypothesis generation but do not
establish their usefulness in sepsis.

The translational evaluation of kratom alkaloids requires particular attention to
safety. Reported concerns include central nervous system effects, dependence liability,
drug—drug interactions, hepatic injury, and cardiovascular events, especially when
chemically concentrated products or multiple substances are used [19-22]. Conse-
quently, computational target screening should be integrated with early toxicity predic-
tion rather than interpreted solely from favorable docking scores.
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Previous computational studies have examined the effects of kratom alkaloids on
inflammatory cytokines. Nuswantoro et al. investigated mitragynine and 7-hy-
droxymitragynine in a study that included IL-6 and TNF-a, alongside Mycobacterium
tuberculosis-related targets [23]. Thus, the investigation of these two alkaloids against
IL-6 and TNF-a should not be considered novel. The present study extends this com-
parative scope by including speciociliatine and iNOS and examining the docking results
alongside toxicity predictions from pkCSM and ProTox-III. This study provides an in-
cremental assessment of three structurally related alkaloids across selected inflamma-
tion-associated proteins, rather than discovering a previously unrecognized therapeutic
mechanism.

Molecular docking generates candidate poses and scores that depend on receptor
preparation, search-space definition, and the selected scoring function; these outputs
are not experimentally measured binding affinities or evidence of functional inhibition
[24]. Accordingly, this study compared the docking scores and predicted contact pat-
terns of mitragynine, 7-hydroxymitragynine, and speciociliatine against iNOS, TNF-a,
and IL-6 and examined their toxicity profiles. Sepsis provides the biological context for
selecting these proteins; however, computational analysis does not establish efficacy in
sepsis. The findings of this study are intended to generate hypotheses for subsequent
structural validation and experimental testing.

2 Materials and Methods

2.1  Study Design

A comparative in silico workflow was used, comprising candidate selection, ligand
preparation, target-protein preparation, molecular docking, protein—ligand contact anal-
ysis, and toxicity prediction. The computational outputs were analyzed descriptively.
This study did not involve human participants or experimental animals.

2.2 Selection of Candidate Alkaloids

Mitragynine, 7-hydroxymitragynine, and speciociliatine were selected as structurally
related M. speciosa alkaloids with documented pharmacological relevance. The three-
dimensional structures were obtained from the HMDB and PubChem databases and
inspected for chemical identity and stereochemistry before preparation [25,26].

Table 1. Selected Mitragyna speciosa alkaloids.

Compound Database identifier Study role
Mitragynine HMDB0041933 Test ligand
7-Hydroxymitragynine HMDB0247263 Test ligand

Speciociliatine PubChem CID 15560576 Test ligand
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2.3  Ligand Preparation

The ligand structures were converted into the required molecular formats using Open
Babel. Hydrogen atoms were added, Gasteiger partial charges were assigned, and ro-
tatable bonds were defined. The prepared ligands were converted to the PDBQT format
and visually inspected to identify conversion errors or altered stereochemistry.

2.4  Selection and Preparation of Target Proteins

The crystallographic structures of iNOS oxygenase domain (PDB ID 1M8E), human
TNF-a (6X86), and human IL-6 (4NI19) were obtained from the RCSB Protein Data
Bank [27]. PDB 1MS8E contains 7-nitroindazole within the murine iNOS oxy-genase
domain. PDB 6X86 is a human TNF-a structure associated with indolinone compound
11. PDB 4NI9 contains human IL-6 in complex with the modified nucleo-tide aptamer
SOMAmer SL1025 [28]. The structures were inspected, unnecessary water molecules
and unrelated heteroatoms were removed, polar hydrogens and charg-es were added,
and the prepared receptors were converted to PDBQT format.

Table 2. Target proteins and structural references.

Target PDB Organism Resolu- Structural reference
ID tion
iNOS oxygenase do- 1MS8E  Mus musculus  2.90 A 7-Nitroindazole (7NI)
main
TNF-o 6X86  Homo sapiens  2.93 A Indolinone compound 11
(UTY)
IL-6 4NI9  Homo sapiens  2.55 A SOMAmer SL1025

2.5 Molecular Docking and Interaction Analysis

Molecular docking was performed using AutoDock Vina [23]. Each alkaloid was
docked independently against the prepared iNOS, TNF-a, and IL-6 structures. For each
protein—ligand pair, the pose with the most negative docking score and a plausible po-
sition within the investigated receptor region was selected for interaction analysis.
Docking scores were expressed in kcal/mol, with more negative values interpreted as
more favorable predicted binding within the same protocol. The protein—ligand contact
residues and two-dimensional interaction maps were examined using BIOVIA Discov-
ery Studio Visualizer software version 2021 (Dassault Systémes, Vélizy-Villacoublay,
France).

2.6  Toxicity Prediction

Canonical molecular representations were submitted to pkCSM to predict Ames muta-
genicity, maximum tolerated human dose, hERG I and II inhibition, acute and chronic
oral rat toxicity, hepatotoxicity, skin sensitization, Tetrahymena pyriformis toxicity,
and minnow toxicity [29]. ProTox-III was used as a complementary platform to esti-
mate acute oral LDso, toxicity class, average similarity, and prediction accuracy [30].
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Platform outputs were reported in their original units and interpreted as model-based
screening predictions rather than experimentally observed toxicity.

2.7  Data Analysis

Docking scores and toxicity predictions were summarized descriptively. Ligands were
compared separately for each protein target within the applied computational protocol.
The reported docking scores corresponded to the selected poses and were not treated as
independent experimental replicates. No inferential statistical analysis was performed,
and numerical differences in docking scores were not interpreted as statistically signif-
icant differences in binding affinity or biological potency. Toxicity outputs were inter-
preted according to their respective endpoints and units, without treating predictions
from different platforms as interchangeable experimental measurements.

3 Results

3.1  Molecular Docking Against INOS

All three alkaloids produced negative docking scores against the iNOS oxygenase-do-
main structure. 7-Hydroxymitragynine showed the most favorable predicted binding,
with a score of —9.0 kcal/mol, followed by speciociliatine at —8.5 kcal/mol and mi-
tragynine at —8.3 kcal/mol. The three ligands shared contacts with residues including
TRP188, ARG193, CYS194, ILE195, GLY196, PRO344, ALA345, VAL346,
MET349, PHE363, ASN364, GLY365, TRP366, TYR367, MET368, GLU371,
TRP457, LEU458, TYR483, and TYR485. The closely related contact profiles indicate
occupation of a similar receptor environment under the applied protocol, but they do
not establish iNOS inhibition.

Table 3. Docking scores and contact residues against iNOS (PDB ID 1MSE).

Ligand Score Contact residues
(kcal/mol)
Mitragynine -8.3 TRP188, ALA191, ARG193, CYS194, ILE195,

GLY196, ARG197, SER236, GLN257, PRO344,
ALA345, VAL346, MET349, PHE363, ASN364,
GLY365, TRP366, TYR367, MET368, THR370,
GLU371, ASP376, TRP457, LEU458, PRO461,
TYR483, TYR485
7-Hy- -9.0 TRP188, ALA191, PRO192, ARG193, CYS194,
droxymitragynine ILE195, GLY196, ARG197, GLN199, LEU203,
SER236, PRO344, ALA345, VAL346, MET349,
PHE363, ASN364, GLY365, TRP366, TYR367,
MET368, GLU371, ARG375, MET428, ALA433,
ILE456, TRP457, LEU458, PRO460, PRO461,
PHE482, TYR483, TYR485
Speciociliatine -85 TRP188, ALA191, ARG193, CYS194, ILE195,
GLY196, GLN257, PRO344, ALA345, VAL346,
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MET349, PHE363, ASN364, GLY365, TRP366,
TYR367, MET368, GLU371, ARG375, TRP457,
LEU458, TYR483, TYR485

B P Tshaped
Ayt
PrAy

Fig. 1. Molecular docking visualization of iNOS (PDB ID 1MS8E): (a) mitragynine, (b) 7-hy-
droxymitragynine, and (c) speciociliatine. Protein—ligand contact residues and two-dimensional
interaction maps were examined using BIOVIA Discovery Studio Visualizer software version
2021 (Dassault Systémes, Vélizy-Villacoublay, France).

3.2 Molecular Docking Against TNF-a

Mitragynine produced the most favorable docking score against TNF-a, at —6.6
kcal/mol. 7-Hydroxymitragynine and speciociliatine yielded scores of —6.3 and —6.1
kcal/mol, respectively. The numerical range among the alkaloids was narrow. Mi-
tragynine was associated with a residue environment extending from ASN61-LEU64
and LEU92-GLN127 to THR137-LEU148. The other two alkaloids contacted residues
from chains A and C, with repeated contacts involving GLU99, GLN102, ASN103,
GLU106, GLU109, GLU110, ARG113, ALA114, GLN116, MET117, SER118, and
LYS120. These results suggest predicted interaction with TNF-a but do not demon-
strate disruption of trimerization or receptor binding.

Table 4. Docking scores and contact residues against TNF-a (PDB ID 6X86).

Ligand Score Contact residues
(kcal/mol)
Mitragynine —6.6 ASNG61, LEU62, ASN63, LEU64, PRO6S, LEU92,

GLU93, GLU95, VAL96, TYR97, GLU99, GLN116,
LYS120, ILE123, GLN127, THR137, THR138,
PRO139, ASP140, PRO141, THR142, THR143,
ASN144, ALA145, SER146, LEU147, LEU148
7-Hy- -6.3 Chain A: GLN28, TYR31, GLU99, GLN102,
droxymitragynine ASN103, ARG104, PHE105, GLU106, GLU109,
GLU110, ALA112, ARG113, ALA114, GLN116,
MET117, SER118, LYS120, VAL121. Chain C:
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GLU99, GLN102, ASN103, GLU106, GLU109,
GLU110, ARG113, ALA114, GLN116, MET117,
SER118, LYS120
Speciociliatine —6.1 Chain A: TYR31, ALA38, GLU99, GLN102,
ASN103, PHE105, GLU106, SER107, SER108,
GLU109, GLU110, GLN111, ARG113, ALA114,
GLN116, MET117, SER118, LYS120. Chain C:
GLU99, GLN102, ASN103, GLU109, GLU110,
ARG113, GLN116, MET117, LYS120

Interactions

van der Weais ™

Fig. 2. Molecular docking visualization of TNF-a (PDB ID 6X86): (a) mitragynine, (b) 7-hy-
droxymitragynine, and (c) speciociliatine. Protein—ligand contact residues and two-dimensional
interaction maps were examined using BIOVIA Discovery Studio Visualizer software version
2021 (Dassault Systémes, Vélizy-Villacoublay, France).

3.3  Molecular Docking Against IL-6

7-Hydroxymitragine produced the most favorable IL-6 docking score, at —9.2 kcal/mol.
Mitragynine and speciociliatine each yielded —7.5 kcal/mol. All three alkaloids con-
tacted residues distributed across chains A, B, D, and F. Repeated contacts included
GLUS3, ARGS82, VAL91, GLU127, PHE144, ALA145, GLU146, and SER147. Be-
cause 4N19 is an IL-6 complex with a large modified nucleotide aptamer rather than a
conventional small-molecule inhibitor, these results should be described as predicted
interactions with the investigated IL-6 structural region and not as direct replication of
SOMAmer binding or proof of IL-6 neutralization.

Table 5. Docking scores and contact residues against IL-6 (PDB ID 4NI9).

Ligand Score Contact residues
(kcal/mol)
Mitragynine =7.5 Chain A: GLUS53, GLY54, LEU55, ARGS2,

VAL91, VALI123, PHE124, GLN125, GLU127. Chain
B: HIS15, VAL17, GLU23, LYS65, GLY66, ASP140,
TYR141, LEU142, ASP143, PHE144, ALA145,
SER147, GLY 148, GLN149. Chain D: PRO20,
ARG32, ALA33, PHE144, ALA145, GLU146,
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SER147. Chain F: GLU53, ARGS82, ALA84, VALSS,
SER86, TYR87, THR89, VAL91, GLU127, LYS128,
GLY129, ASP130
7-Hy- -9.2 Chain A: GLUS53, LEUS5, ARG82, ALA&4,
droxymitragynine THR89, VAL91, ASN92, LEU93, VAL123, PHE124,
GLNI125, GLU127. Chain B: VAL17, ALA18, PRO20,
GLN21, GLU23, LEU142, ASP143, PHE144,
ALA145, GLU146, SER147, GLY 148, GLN149.
Chain D: PRO20, ARG31, ARG32, ALA33, ASN34,
ALA35, LEU36, PHE144, ALA145, GLU146,
SER147. Chain F: GLU53, ARGS82, ALA84, VALSS,
SER86, TYR87, THR89, LYS90, VAL91, ASN92,
GLN125, LEU126, GLU127, LYS128, ASP130
Speciociliatine -17.5 Chain A: GLUS3, LEUS5, ARG82, VAL123,
PHEI124, GLN125, LEU126, GLU127. Chain B:
VALI17, PRO20, GLU23, LYS65, GLY66, GLN67,
ASP140, TYR141, LEU142, ASP143, PHE144,
ALA145, GLU146, SER147, GLY 148, GLN149.
Chain D: PRO20, ARG31, ARG32, ALA33, PHE144,
ALA145, GLU146, SER147. Chain F: GLUS3,
ARGS82, ALA84, VALSS5, SER86, TYR87, THRS&9,
LYS90, VALI1, GLU127, LYS128, ASP130
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Fig. 3. Molecular docking visualization of IL-6 (PDB ID 4NI9): (a) mitragynine, (b) 7-hy-
droxymitragynine, and (c) speciociliatine. The protein—ligand contact residues and two-dimen-
sional interaction maps were examined using BIOVIA Discovery Studio Visualizer software
(version 2021; Dassault Systémes, Vélizy-Villacoublay, France).

3.4 pkCSM Toxicity Predictions

All three alkaloids were predicted to be negative for Ames mutagenicity, hERG I inhi-
bition, and skin sensitization. Mitragynine and speciociliatine were predicted to be
hERG II inhibitors, whereas 7-hydroxymitragynine was negative for this endpoint. All
three compounds generated positive hepatotoxicity predictions. The predicted maxi-
mum tolerated human doses were —0.450, —0.466, and —0.406 log mg/kg/day for mi-
tragynine, 7-hydroxymitragynine, and speciociliatine, respectively. These findings rep-
resent computational safety alerts rather than experimentally confirmed toxic effects.
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Table 6. pkCSM toxicity predictions.

Endpoint Mitragyn- 7-Hy- Speciocili- Unit
ine droxymitragyn- atine
ine

Ames toxicity No No No Categorical
Maximum tolerated dose —0.450 —0.466 —0.406 log
(human) mg/kg/day
hERG I inhibitor No No No Categorical
hERG II inhibitor Yes No Yes Categorical
Oral rat acute toxicity 3.157 2.954 2.967 mol/kg
(LDso)
Oral rat chronic toxicity 0.311 1.580 —0.108 log  mgkg
(LOAEL) bw/day
Hepatotoxicity Yes Yes Yes Categorical
Skin sensitization No No No Categorical
T. pyriformis toxicity 0.783 0.503 0.902 log pg/L
Minnow toxicity —0.763 0.912 0.488 log mM

3.5  ProTox-III Toxicity Predictions

ProTox-III returned predicted acute oral LDso values of 300 mg/kg for mitragynine and
speciociliatine, with both compounds assigned to toxicity class 3. The average similar-
ity and prediction accuracy were 65.55% and 68.07%, respectively. For 7-hy-
droxymitragynine, the predicted LDso was 1,000 mg/kg, corresponding to toxicity class
4, with an average similarity of 47.59% and a prediction accuracy of 54.26%. These
values are platform-reported prediction outputs, rather than experimental measure-
ments. Although 7-hydroxymitragynine received a less severe predicted acute-toxicity
classification, its lower similarity and prediction accuracy substantially limit confi-
dence in the comparative interpretation. Therefore, the results do not establish that 7-
hydroxymitragynine is safer than the other alkaloids.

Table 7. ProTox-III acute toxicity predictions.

Compound Predicted LDso ~ Toxicity Average simi- Prediction ac-
class larity curacy

Mitragynine 300 mg/kg 3 65.55% 68.07%

7-Hydroxymitragyn- 1,000 mg/kg 4 47.59% 54.26%

ine

Speciociliatine 300 mg/kg 3 65.55% 68.07%

4 Discussion

This study identified target-dependent differences in the predicted binding of three M.
speciosa alkaloids. 7-Hydroxymitragynine showed the most favorable scores against
iNOS and IL-6, whereas mitragynine ranked first against TNF-a. Speciociliatine re-
mained close to mitragynine against iNOS but produced the least favorable score
against TNF-a and matched mitragynine against IL-6. These results support different
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prioritization for each target rather than the selection of a single universally superior
alka-loid. The findings are exploratory and cannot establish inhibition of cytokine sig-
nal-ing, suppression of nitric oxide production, or therapeutic activity in sepsis.

The iNOS results produced the clearest separation among the three compounds, with
7-hydroxymitragynine reaching —9.0 kcal/mol. All ligands contacted a broadly shared
residue environment containing TRP188, ARG193, CYS194, ILE195, GLY196,
PRO344, ALA345, VAL346, MET349, PHE363, ASN364, GLY365, TRP366,
TYR367, MET368, GLU371, TRP457, LEU458, TYR483, and TYR485. The addi-
tional hydroxyl group of 7-hydroxymitragynine may alter its polarity, hydrogen-bond-
ing potential, and pose orientation relative to mitragynine. Nevertheless, contact residue
similarity and a favorable score do not indicate that catalytic nitric-oxide production is
reduced. Enzyme assays measuring nitric oxide or citrulline synthesis are required.

iNOS is mechanistically relevant to septic vasoplegia because inflammatory signal-
ing can induce sustained nitric oxide production, reduce vascular responsiveness, and
contribute to mitochondrial and microcirculatory dysfunction [10,11]. However, nitric
oxide also supports antimicrobial defense and endothelial signaling. Previous attempts
at non-selective nitric oxide synthase inhibition in septic shock illustrate the risk of
assuming that pathway suppression is uniformly beneficial [31]. Accordingly, the pre-
sent results should motivate concentration-dependent functional studies rather than a
direct claim that 7-hydroxymitragynine would improve blood pressure or survival.

Against TNF-0, mitragynine produced the most negative score, but the differences
among compounds were only 0.3—0.5 kcal/mol. Such small differences fall within the
uncertainty expected from docking scoring functions and should not be interpreted as
robust evidence of superior potency [24]. TNF-a functions as a trimer and interacts with
large receptor surfaces; successful small-molecule modulation may require occupation
of an intersubunit pocket, alteration of trimer stability, or interference with receptor-
binding geometry [32]. Contact with TNF-a alone therefore does not demon-strate neu-
tralization of cytokine signaling. Biophysical binding assays and TNF-responsive cell
systems are needed to test whether mitragynine changes receptor activation.

The IL-6 result for 7-hydroxymitragynine was the most favorable score observed in
this study. Repeated contacts across the three alkaloids included GLUS53, ARGS2,
VAL91, GLU127, PHE144, ALA145, GLU146, and SER147. The 4NI9 structure pro-
vides useful information about a ligand-accessible IL-6 surface, but its crystallographic
partner is SOMAmer SL1025, a modified nucleic acid ligand that engages an extended
surface overlapping receptor-binding regions [28]. A small alkaloid cannot be assumed
to reproduce the multivalent binding mode of this aptamer. The docking score should
consequently be interpreted as predicted local complementarity, not evidence that IL-
6Ra or gp130 recruitment is blocked.

IL-6 has pleiotropic actions in infection. Classical and trans-signaling pathways reg-
ulate acute-phase responses, leukocyte trafficking, endothelial activation, and immune
cell differentiation [8,9]. High circulating IL-6 is frequently associated with greater se-
verity, but the cytokine also contributes to host defense and tissue repair. A compound
that binds IL-6 weakly or at a nonfunctional surface may have no measura-ble effect
on signaling. Appropriate validation would include direct binding analysis, IL-6—IL-
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6Ra competition, gp130-dependent reporter assays, and measurement of downstream
JAK/STAT activation.

The biological literature on M. speciosa provides a rationale for investigating in-
flammatory mechanisms but remains insufficient for anti-sepsis claims. An early ex-
perimental study reported the anti-inflammatory activity of M. speciosa leaf extract,
and later work has described the modulation of inflammatory mediators by mitragynine
or kratom-derived preparations [17,18]. Extract-level findings cannot be automatically
assigned to a single alkaloid because botanical preparations contain multiple constitu-
ents and may vary with chemotype, geography, harvest, processing, and extraction.
Moreover, anti-inflammatory activity in chemically induced inflammation does not
necessarily predict efficacy in infection-driven organ dysfunction.

The overlap with previous computational work also limits the novelty of the present
findings. Nuswantoro et al. included IL-6 and TNF-a in their investigation of mitragyn-
ine and 7-hydroxymitragynine [23]. The present study adds speciociliatine and iNOS
to the comparison and considers predicted toxicity alongside docking out-comes. These
additions broaden the assessment but do not establish a new mecha-nism of action.
Numerical docking scores from separate studies should not be inter-preted as directly
comparable unless receptor preparation, binding-site definition, scoring functions, and
search settings are sufficiently aligned. The present results therefore require validation
within their own computational protocol rather than con-firmation through apparent
agreement with previously published rankings.

7-Hydroxymitragine is pharmacologically distinct from mitragynine despite their
close structural relationship. It exhibits strong opioid receptor activity and can also be
formed metabolically from mitragynine [14,15]. Thus, prioritizing 7-hydroxymitragyn-
ine on docking grounds introduces neurological, respiratory, depend-ence, and expo-
sure considerations that are not captured by the selected toxicity end-points. The best-
scoring ligand may not be the most suitable candidate if its effective exposure overlaps
with central opioid effects. Target-engagement studies should therefore be combined
with receptor selectivity, respiratory safety, and behavioral evaluation.

Speciociliatine also warrants separate consideration. It is a stereoisomer of mi-
tragynine with distinct opioid-binding, metabolism, and pharmacokinetic characteris-
tics [16,33]. Its relatively favorable iNOS score indicates that minor or less-studied
kratom alkaloids should not be excluded from mechanistic screening. Conversely, the
positive hERG II and hepatotoxicity predictions mean that further development would
require explicit cardiac and hepatic safety evaluation. Structural similarity does not
guarantee identical disposition or toxicity among the three alkaloids.

The pkCSM findings identified hepatotoxicity as a shared alert and hERG II inhibi-
tion as a compound-dependent concern. Hepatotoxicity is clinically relevant because
kratom-associated liver injury has been reported, although causality can be complicat-
ed by product composition, contaminants, dose, and co-exposures [19-22]. The com-
putational result cannot determine the mechanism, incidence, or exposure threshold.
Hepatocyte assays, bile-acid transport studies, reactive-metabolite assessment, and re-
peated-dose studies would be needed to characterize the signal.

The predicted hERG II inhibition for mitragynine and speciociliatine deserves atten-
tion because blockade of the Kv11.1 channel can delay repolarization and increase
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proarrhythmic risk [34]. A binary model classification is not equivalent to an experi-
mentally measured concentration—response relationship. Patch-clamp testing should be
interpreted alongside unbound systemic concentrations, active metabolites, and effects
on other cardiac ion channels. This is particularly important in sepsis, where electrolyte
disturbances, organ dysfunction, and interacting medications may already increase ar-
rhythmia risk.

The ProTox-III results indicate differences in model-predicted acute toxicity but do
not establish comparative experimental safety. In particular, the 47.59% average simi-
larity and 54.26% prediction accuracy reported for 7-hydroxymitragynine warrant cau-
tion when interpreting its higher predicted LDso. These platform-reported metrics
should not be interpreted as the probability that the compound is safe. Furthermore,
acute lethality predictions do not resolve hepatic, cardiac, neurological, respiratory, or
dependence-related concerns. The pkCSM and ProTox-III outputs also represent dis-
tinct models and endpoint conventions and should not be compared numerically with-
out confirming their units and transformations [29,30]. Similar predictions for stereoi-
somers cannot independently confirm that stereochemistry was preserved or that the
models adequately distinguish stereochemistry-dependent toxicity.

Receptor models represent individual crystallographic conformations, whereas pro-
teins in biological systems are dynamic and influenced by the solvent, ions, post-trans-
lational modifications, oligomeric state, and interacting partners. Conventional docking
incompletely captures induced fit, water-mediated interactions, entropy, and intracellu-
lar exposure [23,24]. The selected targets represent only a part of the sepsis network,
and no computational result can reproduce the temporal transition between hyperin-
flammation and immunosuppression. Finally, toxicity predictions do not fully account
for metabolism, mixture effects, formulation, dose, or critical illness physiology.

A rational validation sequence would begin with biochemical or biophysical target-
binding experiments, followed by iNOS activity measurements and TNF-a or IL-6-
responsive cellular assays. Compounds that show functional activity should then un-
dergo cytotoxicity, hepatocyte, hERG, metabolic stability, plasma protein binding, and
permeability evaluations. Only candidates with an acceptable exposure—safety relation-
ship should progress to infection-relevant cellular systems and appropriately designed
animal models of sepsis.

5 Conclusion

This exploratory study reports docking-score patterns and predicted toxicity profiles
for three M. speciosa alkaloids evaluated against iNOS, TNF-a, and IL-6. Although 7-
hydroxymitragynine yielded the most negative reported scores against iNOS and IL-6,
and mitragynine against TNF-a, these numerical rankings do not establish pharmaco-
logical superiority. Unresolved questions concerning receptor preparation, binding-site
relevance, and docking reproducibility limit confidence in compound prioritization.
The toxicity predictions identify potential concerns but do not demonstrate comparative
safety. The findings should therefore be regarded as hypotheses requiring structural
verification, docking protocol validation, and direct experimental testing before con-
clusions about target inhibition or efficacy in sepsis can be drawn.
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